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Abstract. The efficiency of convection in stars affects many aspects of their evolution 
and remains one of the key-open questions in stellar modelling. In particular, the size 
of the mixed core in core-He-buming low-mass stars is still uncertain and impacts the 
lifetime of this evolutionary phase and, e.g., the C/0 profile in white dwarfs. One of the 
known observables related to the Horizontal Branch (HB) and Asymptotic Giant Branch 
(AGB) evolution is the AGB bump. Its luminosity depends on the position in mass of the 
helium-burning shell at its first ignition, that is affected by the extension of the central 
mixed region. In this preliminary work we show how various assumptions on near-core 
mixing and on the thermal stratification in the overshooting region affect the luminosity 
of the AGB bump, as well as the period spacing of gravity modes in core-He-burning 
models. 

1 Stellar Models 

We have used the code MESA (Modules for Experiments in Stellar Astrophysics, H]) to study the 
effects of different near-core mixing prescriptions during the helium-burning phase on the luminosity 
of the AGB bump, and on the period spacing of gravity modes. At this stage, we have explored two 
extreme cases; no extra mixing and very large extra-mixing (see ||3). We computed three evolutionary 
sequences of models of same mass (M =1.5 Mq) and chemical composition (Z = 0.0176, Y - 0.266), 
but changing the near-core mixing scheme: 

1. Bare-Schwarzschild (BS): no semiconvection, no breathing pulses, which leads to an underestima¬ 
tion of the convective-core size (la, ii); 

2. High Overshooting (OV): step function overshooting, using the Maeder & Meynet 1987 scheme 
(El) with the overshooting parameter = IH^ (extention in radius from the classic border) and 
the radiative gradient of temperature in the overshooting region (Vxovhe = Vrad); 

3. Penetrative Convection (PC): step function overshooting with = IHp and the adiabatic gradi¬ 
ent of temperature in the overshooting region (Vxovhe = ^ad). 


2 Effects on the Luminosity of the AGB Bump 

In models computed with extra-mixing (OV and PC) the luminosity of the AGB bump is higher than in 
the BS model (see Pigure[TJ. The total lifetime (HB plus AGB) changes significantly when this extra 
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Fig. 1. Luminosity as a function of age from the 
start of central He-buming for the three models de¬ 
scribed in the main text. Large extra-mixing mod¬ 
els show a complex feature during the AGB bump, 
known as micropulses (see O). 



Fig. 2. Period spacing as function of central Helium 
mass fraction for the same models shown in Fig. 
[T] The horizontal solid line represents the average 
period spacing of a sample of Kepler giants Gol. 


mixing is considered (increasing by about 40% compared to the BS model). However, looking at the 
lifespan of the single phases, what increases substantially is the duration of the core-burning phase, 
while that of the AGB (and the AGB bump) decreases (see 1^). 


3 Effects on the Period Spacing of Core-He-Burning Models 

Models (and stars, see Q) in the core-helium burning phase show a larger period spacing than while 
on the red-giant branch. As shown in Fig. |2l the period spacing of He-burning models increases even 
more when considering extra mixing (see also ||8l). Moreover, we found a similar increase in period 
spacing when comparing PC and OV models, due to the fact that the choice of the temperature gradient 
in the overshooting region has a direct impact on the Brunt-Vaisala frequency N: 

- PC models have oc Vad - Vt = Vad - Vad = 0 

- OV models have oc Vad - Vt = Vad - Vrad > 0. 

Since the the period spacing of gravity modes is inversely proportional to f jdr, PC models have a 
larger period spacing than OV models. 

Further details and a comparison with observational constraints (period spacing of gravity modes 
and luminosity of the AGB bump) will be presented a forthcoming paper. 


References 

1. B. Paxton, L. Bildsten, A. Dotter, F. Herwig, P. Lesaffre, F. Timmes, ApJS 192, 3 (2011) 

2. O. Straniero, I. Dominguez, G. Imbriani, L. Piersanti, ApJ 583, 878 (2003) 

3. V. Castellani, P. Giannone, A. Renzini, Ap&SS 10, 340 (1971) 

4. M. Gabriel, A. Noels, J. Montalban, A. Miglio, A&A 569, A63 (2014) 

5. A. Maeder, G. Meynet, A&A 182, 243 (1987) 

6. A. Bressan, G. Bertelli, C. Chiosi, Mem. Soc. Astron. Italiana 57, 411 (1986) 

7. T.R. Bedding, B. Mosser, D. Huber, J. Montalban, P. Beck, J. Christensen-Dalsgaard, Y.P 
Flsworth, R.A. Garcia, A. Miglio, D. Stello et ah. Nature 471, 608 (2011) 

8. J. Montalban, A. Miglio, A. Noels, M.A. Dupret, R. Scuflaire, P. Ventura, ApJ 766, 118 (2013) 

9. I. Mazzitelli, F. D’Antona, ApJ 308, 706 (1986) 

10. B. Mosser, M.J. Goupil, K. Belkacem, et ak, A&A 540, A143 (2012) 






















